Electromyographic activity in four superficial muscles of the thigh and hip during performance of the back squat to three different depths with relative loading. by Hammond, Benjamin et al.
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INTRODUCTION
The free barbell back squat is a closed-chain, 
multi-joint movement frequently incorporated into 
the strength and conditioning programmes of  
athletes 1,2,WLVLPSHUDWLYHWKDWFRDFKHVDUHHTXLSSHG
with underlying research evidence regarding the 
contribution of  different muscles of  the lower limb 
WRWKHVTXDW,QVWUHQJWKWUDLQLQJSURJUDPVYDULDWLRQV
in the lifting technique are applied in an attempt to 
target certain muscle groups by altering the joint 
torques 3,4+RZHYHUWKHSK\VLRORJLFDOVWUHVVHV
associated with high levels of  muscle activity and 
time-under-tension are central to stimulating a 




determine the potential effectiveness of  an exercise 
variation and the associated neuromuscular adaptive 




which an athlete descends in the squat is one 
approach that may permit favourable outcomes in 
muscle activity and concomitant physiological 
perturbations, and hence optimise neuromuscular 
DGDSWDWLRQVLQDWKOHWHV([LVWLQJOLWHUDWXUHVXSSRUWV
that small alterations in squat technique can impact 
on the muscle activity evoked 77KHWKUHHVTXDW
depths most commonly adopted in strength training 
are the partial squat, parallel squat, and full squat 8,9
It has been reported that with increased hip and 
NQHHÁH[LRQLQWKHVTXDWUHODWLYHPXVFXODUHIIRUWDW
these joints increases in the concentric phase 5$Q
increase in muscle activity and concomitant stimuli 
IRUQHXURPXVFXODUDGDSWDWLRQKDVEHHQLPSOLHG
+RZHYHU%U\DQWRQet al. 5 used inverse dynamics to 
compute net joint moments and an isokinetic 
dynamometer matched for joint angle at each squat 
depth to establish a maximal force for relative 
FRPSDULVRQVDQG(0*DQDO\VLVZDVQRWXVHG-RLQW
moments are a product of  both mechanical leverage 
and muscle tension, and involve all muscles acting to 
SURGXFHH[WHQVLRQDERXWWKHMRLQW7RWKLVHQG(0*
analysis must be employed for the analysis of  the 
VTXDW7KHRQO\LQYHVWLJDWLRQRQWKHPXVFXODUDFWLYLW\
RI WKH*0DWGLIIHUHQWVTXDWGHSWKVLVWKHUHVHDUFK









Previous research report that lifted load decreases 
with squat depth due to mechanical factors that 
include a greater range of  motion through which the 
load must be moved and thus an increased time 
under tension and concomitant demands on the 
muscle, and an unfavourable length-tension 
relationship created by the increased muscle lengths 
RI WKHYDVWLDQG*097KHUHIRUHDFRPSOH[FRQWURO
strategy is required in the squat movement since the 
joint moments, muscle activity, relative contribution 
of  the lower limb joints, and lifted load are 
LQÁXHQFHGE\VTXDWGHSWK11,128QFRYHULQJD
limitation of  previous research 10, the same absolute 
EDUEHOOORDGZDVXVHGIRUHDFKVTXDWGHSWK
Therefore, the maximum exercise intensity possible 
at each depth was not used; posing implications for 
muscle activity 1,57KHJUHDWHULQWHQVLWLHVDVVRFLDWHG
with increased squat depth would thereby ostensibly 
elicit greater muscle activity in the prime movers 5,7 
DQGSRLQWWRWKHQHHGIRUIXUWKHUUHVHDUFK
5HVHDUFK13 found a sudden increase in hip and 
NQHHH[WHQVRU(0*DFWLYLW\GXULQJWKHLQLWLDODVFHQW
from full squats, consistent with pertinent literature 
regarding increases in activity after transitioning from 
the eccentric to the concentric phases of  the 





parallel depth only; however, the study does not 
compare muscle activity between squats to different 
GHSWKVZDUUDQWLQJIXUWKHUUHVHDUFK
Unlike the quadriceps femoris, which have 
demonstrated near maximal levels of  recruitment 
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during full squats 13, hamstring activity during the 
EDFNVTXDWLQFOXGLQJWKDWRI WKH%)LVVHHPLQJO\ORZ
ZLWKVWXGLHVKDYLQJUHSHDWHGO\GRFXPHQWHGWKH%)DV
contributing minimally to the movement in terms of  
DEVROXWH(0*7,14)RULQVWDQFH(EEHQ14VKRZHG
times less activity in the hamstrings muscles relative 
to the quadriceps; however, squat depth comparisons 
DUHODUJHO\DEVHQW*RUVXFKDQGFROOHDJXHV15 









the vasti are moderately-to-highly active, while the 
%)LVPLQLPDOO\DFWLYHLQWKHSDUDOOHOVTXDW2,4/LPLWHG
UHVHDUFKKDVLQYHVWLJDWHGPXVFOHDFWLYLW\RI WKH*0





in the back squat; intensities which are most 
conducive to maximal strength development 16
Therefore, the aim of  this study was to determine 
(0*DFWLYLW\RI WKH9029/*0DQG%)PXVFOHV





Participants were requested to attend three data 










instantaneous changes in muscle activation to be 
REVHUYHG0HDQ(0*LVUREXVWWRERWKPRYHPHQW
DUWHIDFWDQGWLPHWKXVSURYLGLQJDUHOLDEOH(0*
amplitude over the entire movement 177KHL(0*





determined based on the acetabulofemoral joint 
distinctly below the horizontal plane of  the knee 
ZKLOVWZLWKLQWKHPRELOLW\FRQÀQHVRI WKHSDUWLFLSDQW
LHPDLQWDLQLQJKHHOFRQWDFWZLWKWKHJURXQG16$W
the instant the desired squat depth was reached, an 
investigator situated to the side of  the participant 
provided verbal cues to participants instigating the 
concentric portion of  the lift; video analysis was used 
to verify that each depth was achieved 107RDFFRXQW
for circadian variations 6, experimental testing and 
09,&WULDOVZHUHXQGHUWDNHQFRQVLVWHQWO\EHWZHHQ
••
Figure 1. Partial (a), parallel (b) and full squat (c) depths.
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WKHKRXUVRI DPDQGSP)XUWKHUPRUH
participants were asked to abstain from any lower 
body resistance training or exhaustive activity in the 
48 hours preceding all testing to ensure no muscle 
soreness was present that may have compromised 
WKHYDOLGLW\RI WKHGDWD7HVWLQJZDVFRQGXFWHGXVLQJ
a randomised and counterbalanced repeated 
measures design to mitigate order effects 18
Participants
(LJKWKHDOWK\PDOHVRI PHDQ6'DJHRI 
years, height of  176 ± 5 cm, mass of  80 ± 9 kg, and 
training experience in the free barbell back squat of  5 
\HDUVZHUHUHFUXLWHG([FOXVLRQFULWHULD
encompassed a history of  lower body injury or 
SDWKRORJ\WKDWPD\LQÁXHQFHSDWWHUQVRI DFWLYDWLRQ
LQORZHUERG\PXVFXODWXUH,QVXIÀFLHQWGRUVLÁH[LRQ
preventing full squat depth reached safely using 
correct squatting technique was contraindicated 19, as 
ZDVH[FHVVLYHOXPEDUÁH[LRQDWWULEXWDEOHWRLQKHUHQW
anatomical or immobility induced posterior pelvic tilt 
16&ULWHULDIRULQVXIÀFLHQWGRUVLÁH[LRQZDVDVVHVVHG
E\DQH[SHULHQFHG6WUHQJWK	&RQGLWLRQLQJFRDFKE\
ascertaining whether the participants were able to 
maintain heel contact with the ground during full 
VTXDWVDQGH[FHVVLYHOXPEDUÁH[LRQZDVJDXJHG
visually by the coach based on own experience and 
NLQHVLRORJLFDOHGXFDWLRQ7KHXVHRI HLJKW




Participants performed the back squat wearing 
WKHLURZQFURVVWUDLQLQJVKRHVZLWKDÀUPDQGVWDEOH
VROH7KHIHHWZHUHSRVLWLRQHGVOLJKWO\ZLGHUWKDQ
shoulder width apart while maintaining a naturally 
QHXWUDORUVOLJKWO\DEGXFWHGRULHQWDWLRQ)RRW
SRVLWLRQZDVVWDQGDUGLVHGEHWZHHQWULDOV7KHEDUEHOO
was held using a pronated grip at a width as narrow 
DVVKRXOGHUÁH[LELOLW\DQGWKRUDFLFPRELOLW\ZRXOG
permit, and placed behind the neck across the upper 
WUDSH]LXVLQWKH¶KLJKEDU·SRVLWLRQZLWKWKHVFDSXODH
retracted 16'XULQJWKHVTXDWWKHNQHHVZHUHDOLJQHG
with the toes and tracked them throughout the 
PRYHPHQW$FXHIRUDEGXFWLRQDQGH[WHUQDO
rotation of  the hips was given to facilitate this action 
and mitigate gravity induced hip adduction torque 
and deleterious knee valgus in the presence of  
ORZHU²ERG\VWUHQJWKDQGPRELOLW\GHÀFLWV217KH
lumbar and thoracic spinal regions maintained their 
natural or slightly extended curvatures throughout 
the movement, with slight hyperextension of  the 
cervical spine, as participants faced forward 22
/XPEDUDQGWKRUDFLFVSLQDOFXUYDWXUHDQGIRUZDUG
lean were visually monitored by the experienced 
6WUHQJWK	&RQGLWLRQLQJFRDFK$YLVXDOLQGLFDWRURI 
excessive forward lean was when the hips rose up too 
quickly relative to the shoulders from the start of  the 




were permitted due to their attenuation effect on 
(0*DFWLYLW\1
Familiarisation Trial and 5RM Procedures
$50ORDGZDVVHOHFWHGDVUHSHWLWLRQVLV
common place in strength training programs and 
within the recommended repetition range for 
developing maximum strength 167KH50ORDGDW
each depth was used to allow the prescription of  
relative loading 7'XULQJDIDPLOLDULVDWLRQVHVVLRQ
SDUWLFLSDQWVHVWDEOLVKHGWKHLU50WRWKHQHDUHVW
kg at each squat depth; ten minutes recovery was 
SURYLGHGEHWZHHQWKH50WULDOV17KHSDUWLFLSDQWV














guidelines and oriented parallel with the muscle 
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ÀEUHV27RUHGXFHVLJQDODUWHIDFWWKHVNLQDWWKHVLWHV
of  electrode placement was shaved, and cleansed 
ZLWKDOFRKROZLSHV6PDOOWHOHPHWULFPRGXOHVZHUH
connected to the electrodes via a two-snap lead and 
VHFXUHGWRWKHVNLQXVLQJGRXEOHVLGHGDGKHVLYHWDSH
These modules housed a reference electrode which 
FRQWDFWHGWKHVNLQ7KHP\RHOHFWULFDOVLJQDOVZHUH

















normalisation technique 24 and its exclusivity in 
providing estimates of  the degree of  motor-unit 
recruitment relative to a muscle’s maximum 
activation potential, permitting comparisons between 
muscles 18,237KHIROORZLQJWDVNVKDYHEHHQLGHQWLÀHG
as eliciting maximum muscle activity and were 
LPSOHPHQWHGLQWKHVWXG\)RUWKH*0DQ09,&
was performed with the participants assuming a 
SURQHTXDGUXSHGSRVLWLRQWKHLUULJKWNQHHÁH[HGWR




approximately 60° and 90°, respectively 25$SSO\LQJ
a resistance great enough to deny movement, a 
maximum effort knee extension was then performed 
DJDLQVWDQLPPRYDEOHSDG6LPLODUO\IRUWKH%)WKH
09,&ZDVFRPSOHWHGDWFLUFDRI NQHHÁH[LRQ




pad placed atop the upper thighs prevented any 
unwanted movement of  the thighs or hips during the 
DVVHVVPHQW$OOUHSHWLWLRQVZHUHSUHFHGHGE\DYHUEDO
cue to contract the muscle as quickly as possible 1
$IWHUWZRVXEPD[LPDOZDUPXSVHWVRI IXOO
520UHSHWLWLRQVWKUHHÀYHVHFRQGPD[LPDO
isometric efforts were performed for each muscle 
group, intervened by a minimum of  two minutes to 
lessen fatigue effects 17KHKLJKHVW(0*UHDGLQJ
obtained from these repetitions subsequently 
denoted the normalisation reference for the 
FRUUHVSRQGLQJPXVFOH
Experimental Procedures
Participants undertook a standardised warm-up, 
comprising activation exercises, dynamic stretching 
DQGXQZHLJKWHG2O\PSLFEDUEHOOVTXDWVEHIRUH
incremental warm-up sets of  6 repetitions at 40%, 
DQGRI WKHLUÀUVWWHVWHGVTXDWGHSWK50
XVLQJDVWDQGDUGNJ2O\PSLFEDUEHOO276XFFHHGLQJ
the warm-up, participants performed 3 consecutive 
UHSHWLWLRQVDWHDFKGHSWKZLWKWKH50ORDGV7KUHH
repetitions, rather than 5, were used to circumvent 
possible fatigue induced deterioration of  technique 
that may affect relative muscle contribution during 
WKHÀQDOUHSHWLWLRQVRI HDFKVHW289LGHRDQDO\VLVZDV








variable physiological and biochemical states and 
H[WULQVLFIDFWRUVHJUHSODFLQJHOHFWURGHVLQWKHLU
H[DFWSRVLWLRQVRQWKH(0*VLJQDODQG





minutes of  rest to allow fatigue to fully dissipate and 
DQ\UHV\QWKHVLVRI $733&UVWRUHVWRRFFXU17KH
back squat was performed inside a power rack, while 
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two spotters, one at each end of  the barbell, were 




normality of  raw data assumption was performed 
XVLQJ6KDULSR:LON·VWHVWDQGYLVXDOLQVSHFWLRQRI 
44SORWV$VVHVVPHQWRI WKHQRUPDOLW\RI UHVLGXDOV
and homogeneity of  residuals assumptions was 
DFFRPSOLVKHGXVLQJ44SORWVDQGVFDWWHUJUDSKVWR
inspect homoscedasticity, and Cook’s distance 305DZ





tests were performed on any measure that achieved a 
PDLQHIIHFW3DUWLDOƧ2Ƨp2HIIHFWVL]HVDQGVWDWLVWLFDO
SRZHUZHUHFDOFXODWHGDQGUHSRUWHGƧp2 was 




























































































Figure 2. Peak EMG presented as mean + SD normalised to 
MVIC.
Figure 3. Mean EMG presented as mean + SD normalised to 
MVIC.
Figure 4. iEMG presented as mean + SD normalised to MVIC.
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SDUDOOHO902 9/ IXOO902 
9/ )LJXUH7KHKLJKHUPXVFOH
activity of  the vasti in the parallel compared to the 
partial squat is likely due to the mechanical 
disadvantage that occurs as a result of  the initial 
ÁH[LRQRI WKHKLSVDQGNQHHV3,WKDVDOVREHHQ
reported 1 that during concentric contractions, neural 




the quadriceps femoris in the partial squat may in 
SDUWEHDWWULEXWHGWRVXERSWLPDOPRWRUXQLWÀULQJ
rates 11HJOLJLEOHGLIIHUHQFHVLQ(0*DFWLYLW\ZHUH
found between the parallel and full squats in both 
YDVWLPXVFOHVIRUDOO(0*SDUDPHWHUV7KLVÀQGLQJLV
in agreement with Wretenberg and colleagues 31, who 
REVHUYHGQRGLIIHUHQFHVLQ3HDN(0*DFWLYLW\RI WKH
9/EHWZHHQSDUDOOHODQGIXOOVTXDWV+RZHYHU
5REHUWVRQ et al. 13IRXQGWKDWSHDN9/DFWLYLW\ZDV














































Table 1: Statistically significant results of the three-way Anova 
and Sidak post-hoc statistical tests (Peak EMG).
Variables F ratio df p Șp
2 power
Squat type 4.1 2,156 0.018 0.05 0.72
Squat phase 228.0 1,156 0.001 0.61 1.00
Muscle 101.0 3,156 0.001 0.67 1.00
Squat type * Phase 9.2 2,156 0.001 0.11 0.98
Squat phase * Muscle 10.3 3,156 0.001 0.17 1.00
Sidak post-hocs
Squat type      
Partial vs. parallel   0.016   
Muscle      
VMO vs. GM   0.001   
VMO vs. BF   0.001   
VL vs. GM   0.001   
VL vs. BF   0.001   
GM vs. BF   0.001   








Caterisano et al. 10ZKRUHSRUWHGWKH*0VLJQLÀFDQWO\
more active in the full squat, and the mechanical 
DQDO\VLVFDUULHGRXWE\%U\DQWRQet al5 who reported 
that the largest hip joint moment and relative 
PXVFXODUHIIRUWRFFXUUHGLQWKHGHHSVTXDW+RZHYHU





the time-motion analysis of  the full squat 1 reveals 
WKDWWKHH[WHUQDOPRPHQWDUPLPSRVHGRQWKH*0
appears to attenuate once the participant descends 
EH\RQGWKHSDUDOOHOSRVLWLRQDVGRUVLÁH[LRQLV
maximised and the femur to shank angle is reduced, 
bringing the acetabulofemoral joint closer to the 
vertical plane of  the bar 17KLVREVHUYDWLRQVXEPLWV
WKDWOHVVWRUTXHDQGWKXVOHVV(0*DFWLYLW\RI WKH
*0LVUHTXLUHGWRRYHUFRPHLQHUWLDDJDLQVWWKHOLIWHG
load compared to the parallel squat 22+RZHYHUQR
published kinematic data exists to substantiate this 
FODLP$OVRLWPD\EHVSHFXODWHGWKDWLQFUHDVHG
relative muscular effort of  the knee extensor with 
greater squat depth 5DQGKLJKHU902(0*DFWLYLW\
)LJXUHVPD\UHGXFHWKHPXVFXODUGHPDQGRQ
WKH*0$QRWKHUIDFWRUWKDWPD\H[SODLQZK\*0
muscle activity did not increase in the full squat is the 




conducive to muscle force production 3 and 
suggestive that perhaps less activation is required to 
generate tension in the partial squat 22,WLVXQFOHDU
ZKHWKHUWKHDQJOHRI KLSÁH[LRQSHDNVDWWKHSDUDOOHO
depth and remains constant, whereby muscle length 
and involvement would not necessarily change as the 
VTXDWVGHHSHQV7KHVHIDFWRUVRIIHUDQH[SODQDWLRQ
IRUWKHKLJKHU*0DFWLYLW\DWSDUDOOHOGHSWK
Table 2: Statistically significant results of the three-way Anova 
and Sidak post-hoc statistical tests (Mean EMG). 
Variables F ratio df p Șp
2 power
Squat type 3.9 2,156 0.021 0.05 0.70
Squat phase 205.6 1,156 0.001 0.57 1.00
Muscle 166.6 3,156 0.001 0.76 1.00
Squat type * Phase 4.9 2,156 0.009 0.06 0.80
Squat phase * Muscle 13.3 3,156 0.001 0.02 1.00
Sidak post-hocs
Squat type      
Partial vs. parallel   0.07*   
Muscle      
VMO vs. GM   0.001   
VMO vs. BF   0.001   
VL vs. GM   0.001   
VL vs. BF   0.001   
GM vs. BF   0.001   
* Approaching signiﬁcance
Table 3: Statistically significant results of the three-way Anova 
and Sidak post-hoc statistical tests (iEMG).
Variables F ratio df p Șp
2 power
Squat type 22.1 2,156 0.001 0.22 1.00
Squat phase 165.7 1,156 0.001 0.51 1.00
Muscle 112.8 3,156 0.001 0.68 1.00
Squat type * Phase 4.3 2,156 0.015 0.05 0.74
Squat phase * Muscle 9.5 3,156 0.001 0.15 1.00
Sidak post-hocs
Squat type      
Partial vs. parallel   0.001   
Partial vs. full   0.001   
Muscle      
VMO vs. GM   0.001   
VMO vs. BF   0.001   
VL vs. GM   0.001   
VL vs. BF   0.001   
GM vs. BF   0.001   
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7KH%)ZDVPRUHDFWLYHDWSDUDOOHO0HDQ(0* 
09,&WKDQGXULQJSDUWLDOVTXDWV
during the concentric phase, similarly to the vasti and 
LQOLQHZLWKSUHYLRXVÀQGLQJV11+RZHYHUQHJOLJLEOH
differences were found between parallel and full 
VTXDWV)LJXUH8SKROGLQJH[LVWLQJ
OLWHUDWXUHUHJDUGLQJWKHVPDOOFRQWULEXWLRQRI WKH%)
















reported previously 18RI DQG
UHVSHFWLYHO\<HWWKHVHYDOXHVDUHPDUNHGO\
lower than those reported by the other studies, as is 
RXUYDOXHIRU3HDN(0*DFWLYLW\RI WKH*0












risk from squatting below parallel have since been 
dispelled and such forces are no longer considered 




thus prompt a disproportionate development of  
VWUHQJWKDWSDUDOOHOGHSWK&RQVHTXHQWO\SUDFWLWLRQHUV
must be cognizant of  the necessity to incorporate 
KDPVWULQJVVSHFLÀFZRUNWRFRPSHQVDWHIRUWKLV
imbalance in muscle activation and reduce the 
SRWHQWLDOIRUTXDGULFHSVGRPLQDQFH6XFKGRPLQDQFH
is associated with risk factors such as hamstrings 
inhibition during antagonistic co-activation, reduced 
knee joint stability and resulting anterior tibial 
WUDQVODWLRQDOOOLQNHGZLWKLQFUHDVHG$&/ORDGLQJDQG
susceptibility to injury 337KLVLVSDUWLFXODUO\
pertinent in female athletes in whom inherent 
TXDGULFHSVWRKDPVWULQJVGRPLQDQFHLVDSSDUHQW
and highly applicable to athletic performance where 
lateral cutting manoeuvres and landing forces 
demand effective joint stability 35
$OLPLWDWLRQRI WKLVUHVHDUFKZDVWKHUHODWLYHO\
VPDOOVDPSOHVL]HXVHGQ KRZHYHUPHGLXPDQG
ODUJHƧp2 and high statistical power were achieved 
7DEOHV'XHWRORJLVWLFDOFRQVWUDLQWVWKRXJK
care was taken to ensure electrode placement sites 
ZHUHFRQVLVWHQW09,&WULDOVZHUHSHUIRUPHGRQ
days separate from the experimental trials which may 
KDYHFDXVHGVLJQDOYDULDWLRQ7KLVUHVHDUFKZDVDOVR
OLPLWHGWRWKHVWXG\RI WKHKLSDQGNQHHH[WHQVRUV




squat provides an effective training stimulus for 
902DQG9/GHYHORSPHQWPRGHUDWHVWLPXOXVIRU
*0DFWLYLW\DQGOHVVVWLPXOXVIRU%)DFWLYDWLRQ
Thus, supplementary strength training exercises may 
EHHPSOR\HGWRRSWLPDOO\VWLPXODWHWKH%)7KH
902DQG9/ZHUHPRUHDFWLYHLQWKHSDUDOOHODQG
full squats than in the partial squat during the 
concentric phase, and in the eccentric phase with 
UHJDUGVWRL(0*7KHKLJKHUPXVFOHDFWLYLW\RI WKH
vasti in the parallel compared to the partial squat is 
likely due to mechanical disadvantage and greater 





Volume 5, Issue 3, December 2016 | JOURNAL OF FITNESS RESEARCH 66
activity in parallel squats compared to full squats 
which may be explained by a number of  factors 
related to external moment arm, relative muscular 
HIIRUWDQGRSWLPDOOHQJWKWHQVLRQUHODWLRQVKLS
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